Although adrenocorticotropic hormone is generally considered to play a major role in the regulation of adrenal glucocorticoid secretion, several reports have suggested that other pituitary hormones (e.g., prolactin) also play a significant role in the regulation of adrenal function. The aim of the present study was to measure the adrenocortical cell area and to determine the effects of the transition from the prepubertal to the postpubertal period on the hyperprolactinemic state induced by domperidone (4.0 mg kg -1 day -1 , sc). In hyperprolactinemic adult and young rats, the adrenals were heavier, as determined at necropsy, than in the respective controls: adults (30 days: 0.16 ± 0.008 and 0.11 ± 0.007; 46 days: 0.17 ± 0.006 and 0.12 ± 0.008, and 61 days: 0.17 ± 0.008 and 0.10 ± 0.004 mg for treated and control animals, respectively; P < 0.05), and young rats (30 days: 0.19 ± 0.003 and 0.16 ± 0.007, and 60 days: 0.16 ± 0.006 and 0.13 ± 0.009 mg; P < 0.05). We selected randomly a circular area in which we counted the nuclei of adrenocortical cells. The area of zona fasciculata cells was increased in hyperprolactinemic adult and young rats compared to controls: adults: (61 days: 524.90 ± 47.85 and 244.84 ± 9.03 µm 2 for treated and control animals, respectively; P < 0.05), and young rats: (15 days: 462.30 ± 16.24 and 414.28 ± 18.19; 60 days: 640.51 ± 12.91 and 480.24 ± 22.79 µm 2 ; P < 0.05). Based on these data we conclude that the increase in adrenal weight observed in the hyperprolactinemic animals may be due to prolactin-induced adrenocortical cell hypertrophy.
Introduction
Prolactin (PRL) is one of the most versatile hormones produced by the pituitary gland (1) (2) (3) . Several properties of PRL are of particular interest with regard to the adrenal gland. It is known that glucocorticoids have a synergistic action with PRL on breast development. PRL is a stress-related peptide and hyperprolactinemia is frequently associated with hirsutism, hypogonadism, and amenorrhea in humans (4) . It has been speculated that in these conditions PRL acts directly on the adrenal.
PRL stimulates steroidogenesis in the adrenal gland of rats and this effect seems to be synergistic with that of adrenocorticotropic hormone (ACTH) (5) . PRL seems to be a 5 α-reductase inhibitor and stimulates adrenal growth and corticosterone synthesis (6) .
Several studies have reported that PRL has a stimulatory effect on human adrenal aldosterone-producing adenomas and on adrenocortical carcinoma (7, 8) . Furthermore, PRL has been shown to be involved in the cell proliferation of normal and neoplastic tissues and to activate the mitogen-activated protein kinase cascade in primary cultures of leiomyoma cells, breast cancer cells and Nb-2 cell lines (8) .
Other investigators have reported that hyperprolactinemic rats and mice show an increase in absolute and relative adrenal weight (6, 9, 10) . However, these reports did not refer to any histological changes in the adrenal glands. Furthermore, most of these studies were conducted on adult animals. In the present study we investigated the effects of hyperprolactinemia on the adrenal glands of pre-(42-47 days) and postpubertal (75-90 days) rats. Our aim was to measure the area of adrenocortical cells and to investigate the effects of the transition from the prepubertal to the postpubertal period on the hyperprolactinemic state induced by domperidone (11) (12) (13) (14) .
Material and Methods

Animal treatment
Young (42-47 days) and adult (70-90 days) Wistar rats were used. The animals were maintained under standard conditions of light (12 h light/12 h dark) and temperature (23 ± 1ºC), with free access to laboratory food and water.
All animals in the experimental groups received a daily subcutaneous injection of domperidone (4.0 mg/kg body weight) dissolved in saline plus Tween 80. The animals of the control groups received saline plus Tween 80. The period of treatment was 15, 30, 45/48, or 60/61 days. Twenty-four hours after the last administration of domperidone or saline, the rats were decapitated and trunk blood was collected. Blood was collected between 10:00 am and 3:00 pm, a period during which the daily rhythm of prolactin secretion remains relatively stable (15) .
Body weight and the weight of the two adrenals were determined at autopsy. Only the left adrenal was used for the morphometric and histological studies.
Light microscopy
The adrenal glands were removed, freed of adhering fat and weighed. The left adrenals were fixed in Bouin's solution, embedded in paraffin and serially cut into 5-7-µm sections. The sections were then stained with hematoxylin and eosin.
Morphometry
A single paraffin section containing the zona medullaris was chosen for adrenal gland morphometry. In this section 50 test areas of the outer zona fasciculata (ZF) were counted (16) . Since the adrenocortical cells of rats are mononucleated, the numerical density of the nuclei corresponds to the number of cell per mm 3 (16, 17) .
The test area was measured with a 10X objective using the Image-Pro Plus software. To measure these areas we chose a circular area with the aid of this software, in which we counted the nuclei. After this procedure, we were able to calculate the area of the ZF adrenocortical cells of the adrenal gland by dividing the number of nuclei counted by the circular area measured (16, 17) . These measurements were performed only in the groups treated for 15 and 60 days.
Hormone assays
PRL concentration was determined by double antibody radioimmunoassay using specific kits provided by the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK, Baltimore, MD, USA). The antiserum for PRL was anti-rat PRL-S9 and the reference preparations were PRL-RP3. The lower limit of PRL detection was 0.19 ng/ml. The intra-assay and interassay coefficients of variation were 4 and 11.5% for PRL, respectively. Prolactin levels are reported as ng/ml.
Statistical analysis
The data obtained for each rat were averaged per group and the standard error of the mean was calculated. The Mann-Whitney test was used for statistical comparison of mean adrenal weight and PRL levels between the treated and control groups. A value of P ≤ 0.05 was considered to be statistically significant. Table 1 shows the absolute and relative weights of the adrenal glands from adult rats. Treatment with domperidone for 30 or more days resulted in an increase in the weight of the adrenal glands and their relative weight in adult rats. Table 2 shows the results obtained for young animals. As observed in the adult rats, there was an increase in the adrenal weights after long-term treatment, with the exception of animals treated for 48 days. The increase in adrenal weight was more pronounced in adult animals treated with domperidone than in young animals compared to the respective control. Table 3 shows the data obtained by morphometric analysis concerning the adrenocortical cell area, in µm 2 , for the adult and young animals. There was an increase in ZF cell area in young and adult rats treated with domperidone for 15 and 60/61 days, but not in adult rats treated for 15 days.
Results
Serum PRL levels were significantly in- 362.57 48.14 ± 2.81 0.13 ± 0.009
The rats (aged 42-47 days at the beginning of treatment) received 4.0 mg/kg domperidone, sc. Relative adrenal weight = adrenal weights/body weight. Data are reported as means ± SEM for N rats in each group. P < 0.05 compared to respective control (Mann-Whitney test).
creased throughout treatment in all experimental groups, except for young animals treated for 15 and 48 days (Table 4 ). Figure 1 shows histological sections of adrenal glands stained with hematoxylin and eosin. The treated animals ( Figure 1B) had fewer "clear cells" (vacuolated adrenocortical cells) than control animals ( Figure 1A ). (23) . The reduction of the number of "clear cells" observed in the present study is consistent with that observed in guinea pigs treated with ACTH which decreased the number of lipid droplets in ZF cells (18) . The decrease in the number of lipid droplets in ZF cells resulted in the reduction of the foamy appearance that is normal for the "clear cells". Depletion of lipid droplets in ZF cells also occurs in animals exposed to stress (24) .
There is a direct relationship between adrenal gland activity and increased gland weight (20) . Hypertrophy and macroscopic hyperemia have been described in response to administration of ACTH, or following prolonged exposure to stress (20) .
Some reports have suggested that PRL has an adrenoglomerulotrophic action (17) . The increase in adrenal weight observed here may be due to the elevated levels of PRL.
We did not find mitotic figures in any
Discussion
Adrenal cells of the zona glomerulosa have little cytoplasm containing only a small amount of lipid. The ZF is the broadest of all the three zones of the adrenal, which makes up about 75% of the total cortex. Its cells are polyhedral and have many intracytoplasmic lipid droplets (18) . These lipids, mostly cholesterol and cholesterol esters, are used as substrates for steroidogenesis (19) . These lipid droplets can be mobilized from these stores to mitochondria for the synthesis of Rats received 4 mg/kg domperidone, sc. Data are reported as means ± SEM in ng/ml for N rats in each group. *P < 0.05 compared to respective control (Mann-Whitney test). group and proliferating cell nuclear antigen analysis showed no difference between the groups studied. Based on these data and on morphometric analysis, we conclude that the increase in adrenal weight is a consequence of adrenocortical cell hypertrophy. The present data are consistent with those reported by Glasow et al. (25) using human adrenal cells in primary culture. The results suggest that PRL is not mitogenic to adrenocortical cells. Apparently young animals are more responsive to PRL-induced hypertrophy of the adrenocortical cells than adult animals. Since the estimate of the adrenocortical cell area is indirect, it is not possible to correlate the increase in adrenal weight observed in treated animals with the increase in adrenocortical cell area. Nevertheless, it is clear that the increase in the adrenal weight of treated animals was more robust in adult rats compared to their respective control. The reduction in the number of "clear cells" may have been due to stimulation of the adrenals by elevated PRL levels in treated animals.
There were no differences in serum PRL levels between young animals treated with domperidone for 15 days or for 30 days. This shows that domperidone is not able to induce a major increase in serum PRL levels in young rats as it does in adult male rats. Since it is known that stress can rapidly increase serum PRL levels (26, 27) , perhaps the stress in these young animals is not effective in additionally increasing the levels of PRL. In prepubertal rats, the hyperprolactinemic response to domperidone was only evident in the animals treated for 30 and 60 days. Domperidone-induced hyperprolactinemia was even more evident in adult animals treated for 60 days. This suggests a role of sexual steroid hormones in the mechanism of hyperprolactinemia and, eventually, in the adrenal response to these stimuli. On the other hand, the response of postpubertal rats to short-and long-term treatment was about the same. These data suggest that young are less responsive to hyperprolactinemia than adult animals treated for the same period of time (i.e., 15 and 30 days).
It is known that in male rats testosterone reduces the adrenal weight and the volume of the adrenocortical cell nuclei (27) . Furthermore, the increase in testosterone causes a reduction in serum ACTH levels (16), while testosterone injections in intact male rats inhibit ACTH secretion (28) . Long-term A B hyperprolactinemia (i.e., 30 days) results in a decrease in serum testosterone levels in adult male rats (29, 30) . PRL stimulates the activity of 5 α-reductase leading to a decrease in testosterone production. Thus, it is reasonable to assume that the effect of hyperprolactinemia was more important than the inhibitory action of testosterone and the increase observed in the adrenals of treated rats is consistent with the role of high PRL levels. Therefore, the domperidone-induced adrenal hypertrophy was probably due to a gonadal steroid-dependent drug-induced hyperprolactinemia.
